Abstract Bombyx batryticatus is a traditional Chinese medicine. To understand apoptotic effect of B. batryticatus ethanol extract (BBE), we investigated the role of BBE in inducing apoptosis of human gastric cancer cells SGC-7901. Cells treated with BBE and apoptosis was assessed by methyl thiazolyl tetrazolium (MTT) assay, morphological changes, DNA fragmentation and flow cytometry assays. The expression of Bcl-2, Bax and P21 were evaluated by western blot analysis and real time polymerase chain reaction. MTT assay showed that the cytotoxicity of BBE extract on SGC-7901 cells was correlated with treatment time and concentration. After treatment with 6 mg/mL of BBE the microscopy showed that, the majority of SGC-7901 cells were obviously reduced, distorted and grew slowly. Annexin-V/propidium iodide double-staining assay emerge the early apoptosis and the late apoptosis after treatment with different times by laser confocal fluorescence microscopy and flow cytometer. Cell cycle analysis of SGC 79 cells showed that BBE induced cell cycle arrest in the G1 and G2 phases. DNA fragmentation indicated the trend of BBE inducing apoptosis on SGC-7901 cells. The qRT-PCR and western blot analysis indicated that the mRNA and protein expressions of Bax and P21 were significantly up-regulated whereas that of Bc1-2 was down-regulated after treatment with BBE for 24 h. Our results revealed a correlation between gene regulation and BBE-induced apoptosis, which might indicate the potential of BBE in cancer therapy.
Introduction
Apoptosis is a vital process of programmed cell death for maintaining the normal operation of tissues and cancer prevention. Recently, the researchers have paid attention to the potential role of traditional Chinese medicinal herbs extracts as alternative and complementary drug for cancer treatment (Li et al. 2009 ). In the case of Scutellaria baicalensis, a traditional Chinese herbal, apoptosis has been induced in lymphoma and myeloma cell lines by increasing level of the p27 ''CDK inhibitor'' and decreasing the level of Jin-yi Wu and Almutamad Sheikho have contributed equally to this work. c-myc oncogene (Kumagai et al. 2007) . Albizia gummifera roots extract revealed cytotoxicity against various cancer cell lines in vitro (Cao et al. 2007 ). Honokiol is a natural product that could induce the apoptosis of B-CLL cells (Battle et al. 2005) . The traditional Chinese herbal Ganoderma has a strong inhibition of cell proliferation and induces the apoptosis of breast and prostate cancer cells Jiang et al. 2004; Lu et al. 2004) . Cupids rhizome induced apoptosis in SNU-C4 human colorectal cancer cells through caspase pathways (Kim et al. 2004) .
Bombyx batryticatus is a valuable crude drug, composed of dried silkworm larvae, Bombyx mori larvae that were stiffened by infection with Beauveria bassiana. In application of traditional Chinese medicine, B. batryticatus is used for treatment of headaches, convulsions, tonsillitis, Bell's palsy, asthma, and thyroid adenoma (Jiang et al. 2014) . In human tumor cell line Hela the BBE obviously inhibited the growth and induced the apoptosis by regulating the Bcl-2 and Bax mediated apoptotic pathways (Wu et al. 2015) . The purpose of this study is to evaluate the effect of BBE extract on gastric cancer SGC-7901 cells.
Materials and methods

Preparation of BBE extract from Bombyx batryticatus
The BBE is a compound derived by extraction from dry B. batryticatus was bought from Xi'an Chinese Medicine Co. Ltd. (Xi'an, China). The B. batryticatus were dried at 60°C for 10 h in an oven and then grounded to powder using mechanical grinder. The B. batryticatus powder was extracted repeatedly for three times for 12 h with 95% Ethanol at room temperature and repeated three times. The extracts were vacuum filtered through filter papers and the ethanol extract was collected. Then leach liquor was removed from the combined extracts using a vacuum rotary evaporator. 50 g of the extract was dissolved in 500 mL distilled water and 500 mL petroleum ether was added to the crude extract to remove grease with a separator funnel. The aqueous phase was transferred to a vacuum rotary evaporator to evaporate the water and the refined extract was obtained and stored at -20°C. Finally the extract was dissolved in RPMI-1640 medium without fetal bovine serum (FBS) to a concentration of 100 mg/mL and stored in 4°C.
Cell line and cell culture Human gastric cancer cell line (SGC-7901, BGC 823) was provided by the Medical school in Xi'an Jiaotong University (Xi'an, China). Cells were grown as a monolayer in RPMI-1640 medium (Hyclone, Logan, UT, USA) supplemented with 10% heat-inactivated calf serum (Hyclone), 100 lg/mL penicillin and 50 lg/mL streptomycin in an incubator HF90 (Heal Force Bio-meditech Holdings Limited, Shanghai, China) which was maintained at a water-saturated atmosphere with 5% CO 2 at 37°C.
Cytotoxicity assay
Cytotoxicity assay of BBE was evaluated by MTT assay. Five thousand SGC-7901 and BGC 823 cells were seeded in a 96-well plate with 200 lL RPMI-1640 and incubated overnight in the incubator as described above. The culture medium was removed, and adherent cells were treated with different concentrations of BBE (1-10 mg/mL) in 200 lL of fresh medium for 24 and 48 h. Then 20 lL 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide in 200 lL fresh medium was added to each well for a 4-h period. The culture medium with MTT was then removed, and formazan was extracted with 150 lL of DMSO. Absorbance was measured at 570 nm (630 nm as a reference) by a Tecan Infinite Ò 200 PRO multimode micro-plate reader (Tecan, Männedorf, Switzerland) . The experiments were repeated three times. Cell viability was expressed as a percentage of the value compared to control cultures.
Cell morphological assessment
The SGC-7901 cells were treated with different concentrations of BBE (2, 4 and 6 mg/mL) when the cell growth was in the mid-log phase. Then incubation was continued for a 24-h exposure. Finally, the morphology of cells was examined under a Nikon TE2000 inverted microscope (Nikon, Tokyo, Japan).
Apoptosis assessment by Annexin FITC-V/PI double staining assay Apoptotic cells were identified by double staining with recombinant FITC (fluorescein isothiocyanate)-conjugated Annexin-V and PI. The Annexin V-FITC Apoptosis Detection kit (Bender Medsystems, Burlingame, CA, USA) was used to detect apoptosis according to the manufacturer's instructions.
Laser confocal fluorescence microscopy analysis of apoptosis
The SGC-7901 cells were incubated overnight in confocal dish until the mid-log phase. The adherent cells were treated with 6 mg/mL BBE and incubated for 3, 6 and 12 h. The culture medium was removed and cells were washed thrice with ice-cold PBS. 5 lL Annexin V-FITC and 10 lL PI were added to all samples and then treated cells were incubated at room temperature for 15 min without light. Apoptotic cells were observed by laser confocal fluorescence microscopy.
Flow cytometric analysis of apoptosis
The SGC-7901 cells were plated in six-well plates until the mid-log phase. The adherent cells were treated with different concentrations of BBE (2, 4, 6 mg/mL), and incubation was continued for a 24-h. Cells were collected, washed and re-suspended in icecold PBS. Cells were stained with 5 lL Annexin V-FITC and 10 lL PI following the manufacturer's instructions. Flow cytometric analysis was performed immediately after staining for 15 min without light. Apoptosis of cells was assayed using Becton-Dickinson FACSCalibur flow cytometer.
DNA fragmentation assay
The SGC-7901 cells were plated in six-well plates until the mid-log phase. The adherent cells were treated with different concentrations of BBE (2, 4, 6 mg/mL), and incubation was continued for a 24-h. DNA was extracted according to the protocol of the DNA ladder detection kit (Billerica, MA, Millipore). DNA was separated through a 1.5% gel electrophoresis, stained with ethidium bromide and fragments were assayed and recorded using a Gene Genius Bioimaging System Universal Hood II (Bio-Rad, Hercules, CA, USA).
Real-time RT-PCR
The SGC-7901 cells were plated in a six-well plate until the mid-log phase. The adherent cells were treated with different concentrations of BBE (2, 4, 6 mg/mL), and incubated for a 36-h. Total RNA was extracted from the treated cells using RNAiso Plus (TaKaRa, Shiga, Japan) following manufacturer instructions. RNA was dissolved in DEPC water. The quality of RNA was evaluated on agarose gel. RNA was reverse transcribed for 15 min at 37°C and 85°C for 5 s using PrimeScript Ò RT reagent Kit Perfect Real Time (TaKaRa). The reaction was carried out in a total volume of 20 lL containing 4 lL 59 PrimeScript Ò buffer, 1 lL PrimeScript Ò RT enzyme mix, 1 lL Oligo dT primer and 14 lL total RNA. The cDNA was stored at -80°C. Real-time PCR was performed using an iCycler iQ2 Real time PCR detection system. Reaction mixtures contained 10 lL SYBR Ò Premix Ex Taq TM II, 0.8 lL of each primer (10 lM), 2.0 lL DNA template and 6.4 lL ddH 2 O up to 20 lL total volume. The reaction had two steps: stage 1: 94°C for 30 s; stage 2: forty cycles of 94°C for 5 s, 60°C for 30 s. b-actin was used as endogenous control. Data were analyzed using the comparative 2 -DDCT method. The primer sequences of b-actin were 5 0 -CGGGAAATCGTGCGTGAC-3 0 (forward) and 5 0 -GGAAGGAAGGCTGGAAGAGTG-3 0 (reverse). The primers for Bcl-2 were 5 0 -ATGTGTGTGGA-GAGCGTCAAC-3 0 (forward) and 5 0 -ATGTGTGTG-GAGAGCGTCAAC-3 0 (reverse). The primers for Bax were 5 0 -AGGATGCGTCCACCAAGAAGC-3 0 (forward) and 5 0 -CTGCCACTCGGAAAAAGACCT-3 0 (reverse). The primers for P21 were 5 0 -GTCACTGTCTTGTACCCTTGT-3 0 (forward) and 5 0 -GGAGTGGTAGAAATCTGTCAT-3 0 (reverse).
Western blot analysis
The SGC-7901 cells were plated in a six-well plate until the mid-log phase. The adherent cells were treated with different concentrations of BBE (2, 4 and 6 mg/mL) and incubation was continued for a 36-h. The six-well plates were placed on ice and washed Cytotechnology (2017) 
Cell cycle analysis
Proportion of cells at different cell cycle phases was also monitored by cell cycle and apoptosis analysis kit (Jiangsu, China). SGC7901 cells were treated with different concentrations (4 and 6 mg/mL) and collected as described in the previous section ''analysis of apoptosis''. Cells were resuspended in 1 mL cold PBS, centrifuged at 1000g/5 min. 1 mL chilled ethanol 70% was added slowly for incubation to fix the cells at 4°C
for 16 h. Ethanol was removed by centrifugation 1000g/5 min, and cells were washed with PBS. Cells were resuspended in 0.5 mL mixture of buffer, PI and RNase A. Cells were incubated at 37°C for another 30 min in the dark. Finally the distribution of cells at various cell cycle stages was determined by FACSCalibur flow cytometer.
Statistics and data presentation
All data are presented as the mean ± standard deviation (SD). Statistical analysis was performed using the one-way analysis of variance (ANOVA). A value of probability (p) \ 0.01 was considered to be statistically significant. Data were analyzed and plotted using GraphPad Prism version 5.0d for PC (GraphPad Software, La Jolla, CA, USA).
Results
Cytotoxicity of BBE
MTT assay indicated that the cytotoxicity of BBE on SGC-7901 and BGC-823 cells was correlated with treatment time and concentration (Fig. 1a, b) . The IC 50 values of BBE were 8.647, 7.091, 3.175 and 1.316 mg/mL for 24, 36, 48 and 60 h BBE treatment for SGC-7901, respectively; and [10 mg/mL for 24/48 h BBE treatment, while it was 4.5, 7.8 mg/mL 48 and 60 h BBE treatment for BGC-823, respectively. These results showed that BBE could significantly inhibit the growth of SGC-7901 and BGC-823 cells in vitro. 
Morphological characteristics of apoptosis by inverted microscope
The characteristics of SGC-7901 cells treated with the BBE were drastically different from the controls observed by inverted microscope. Untreated cells displayed normal, healthy growth and had a distinct outline observed by inverted microscopy ( Fig. 2(1)a) . Conversely, the majority of SGC-7901 cells treated with BBE were obviously reduced, distorted and grew slowly. When the concentration of BBE was 6 mg/mL, the bodies of SGC-7901 cells became smoother.
Apoptosis detection by laser confocal fluorescence microscopy
The cytomembranes of SGC-7901 cells treated with 4 mg/mL BBE for 3 h were identified by Annexin V-FITC showing bright green fluorescence ( Fig. 2(2)a) . In longer treatment, up to 6 and 12 h, cell nucleus was identified by PI showing bright red fluorescence ( Fig. 2(2)b, c) . The cytomembranes were destroyed with prolonged treatment of BBE. These results demonstrated that BBE could induce apoptosis in SGC-7901 cells.
Apoptosis assessment by flow cytometry assay
Counts of apoptotic cells induced by increasing concentrations of BBE detected by flow cytometric analysis are presented in Fig. 2(3) . The upper and lower right quadrants represented late apoptotic/ necrotic and early apoptotic cells, respectively. The percentages of apoptotic cells were significantly increased following the increased concentrations of BBE, 11.00, 16.83 and 25.60% (Figure 2(3)b-d) , respectively. BBE induced DNA fragmentation DNA fragmentation was evident in the cells treated with BBE in the second lane to the forth lane. Meanwhile, the untreated cells did not show any DNA fragmentation in the first line (Fig. 2(4) ). More evidence of DNA fragmentation was observed with high concentrations of BBE.
BBE induced gene expression change
As shown in Fig. 3b , the transcription level of Bcl-2 significantly decreased when treated with BBE while that of Bax increased. The ratio of Bax/Bcl-2 obviously increased. At the same time, the transcription level of P21 increased with the increasing concentration of BBE (Fig. 3b) . Western blot indicated that the expression of Bax and P21 protein was significantly up-regulated whereas the expression of Bc1-2 protein was down-regulated after treatment with BBE for 36 h (Fig. 3a) .
Cell cycle analysis
The cell cycle of SGC 7901 cells treated with BBE was differentiated into the respective phases (Fig. 4b, c) . In comparison to control cells (Fig. 4d) , there was reduction in the cells number in S phase and an increase in the cell numbers in G1 and G2 phase after exposure to BBE.
Discussion
One of the potential strategies in cancer treatment is to induce apoptosis. BBE is a traditional Chinese herbal which proved to prevent the growth and induce apoptosis in Hela cancer cell line (Wu et al. 2015) .
In this study, the molecular mechanisms of BBE inducing the SGC-7901 cells apoptosis have been evaluated. The results showed that the BBE effect of inducing apoptosis is related to the concentration of BBE and time of the treatment. The SGC-7901 cells presented typical apoptotic characteristics, irregular shape and DNA fragmentation.
Programmed cell death (PCD) is characterized by a sequence of tightly regulated events. Early event in PCD can be detected by Annexin V, while Late apoptotic events can be determined by flow cytometry (Clodi et al. 2000) . Previous studies indicated that Annexin V and Flow cytometry could assist in the determination of the general feature of apoptosis (Martin et al. 1995; Wang et al. 2006) . Herein, the laser confocal fluorescence microscopy result using Annexin-V has indicated the apoptosis of SGC-7901 cells treated by BBE. The Flow cytometry distinguished early apoptotic and late apoptotic cells and Cytotechnology (2017) 69:875-883 879 further demonstrated that BBE prominently induced apoptosis in SGC-7901 cell.
To further understanding the molecular mechanism of apoptosis of SGC-7901 cells induced by the BBE, we studied the expression levels of Bcl-2 and Bax in cells. It is well confirmed that cell apoptosis is a complex biological process which involved many pathways (Chen et al. 2002; Twomey and McCarthy 2005) . Bcl-2-family proteins play an important role in regulation all major types of cell death including apoptosis (Yip and Reed 2008; Zha and Reed 1997) . The proteins family BCL-2 are the regulators of apoptosis (Hardwick and Soane 2013) . In mammalian cells, 15 Bcl-2 family members have been identified so far. They function as either anti-apoptotic Bcl-2 or pro-apoptotic Bax regulators (Saeedi Borujeni et al. 2016) . The ratio between Bcl-2 and Bax plays a more important role than the quantity of Bcl-2 alone (Heimlich et al. 2004; Pettersson et al. 2002) . Previous studies revealed a negative correlation between the ratio of Bax/Bcl-2 and the size of the tumor suggesting a role of this ratio in the control of tumor growth, and showed that the ratio of intracellular Bax/Bcl-2 is elevated in case of increased cell death. One possible mechanism for the BBE-induced apoptosis was suggested: gene expression was regulated by upregulating Bax and downregulating Bcl-2 (Wu et al. 2015; Chen et al. 2002) . The results indicated that the expression of Bax protein increased significantly while that of Bcl-2 protein remarkably decreased in SGC-7901 cells treated with BBE. It is possible that BBE induced apoptosis on SGC-7901 cell by up-regulating the expression of Bax/Bcl-2 at mRNA and protein levels.
The cyclin-dependent kinase (CDK) inhibitor P21 that is activated due to different stress stimuli could act as cell cycle suppressor. P21 can bind and inhibit CDK/cyclin complexes to mediate the arrest of the growth in G1 and G2 phases. This situation enables DNA repair and suggests that p21 could have a role of tumor suppressor (Crispi and Piccolo 2012) . In some human cancers, the expression of p21 suggesting that p21 acts as a tumor suppressor (Gartel 2006) . As an inhibitor of proliferation, p21 plays an important role in preventing the development of tumors (Tyner and Gartel 2002 ). The present study showed that the expression level of P21 was significantly increased at both mRNA and protein levels after treatment with BBE. Cell cycle analysis showed that BBE could inhibit cell proliferation and promote cell cycle G1/G2 phase arrest of SGC7901 cells. We propose that the up-regulated expression of P21 may maintain more cells in G1/G2 phase, therefore influencing the proliferation of SGC-7901. However, the specific mechanism needs further investigation.
In conclusion, our results illustrate that BBE induced apoptosis in human gastric cell line SGC-7901 by up-regulation the expression of Bax/P21 and down-regulating that of Bcl-2. A correlation between gene regulation and BBE induced apoptosis was demonstrated. This study suggests that BBE may exhibit a potential role in gastric cancer therapy. Fig. 3 Possible pathway of apoptosis in SGC-7901 cells treated with BBE. a Relative expression levels of Bcl-2, Bax and P21 in SGC-7901 cells. Cells were treated with 0 mg/mL (control), 2, 4, 6, 8 mg/mL BBE for 36 h. Results were expressed as average of three replicates ± SD. b-actin was used as an internal reference gene. The relative expression was calculated based on the value of the lowest expression (expression levels of Bcl-2 at 8 mg/mL), which was ascribed an arbitrary value of 1. b Effects of BBE on b-actin, Bcl-2, Bax and P21 protein expression in SGC-7901 cells. Cells were treated with 0 mg/mL (control), 2, 4, 6, 8 mg/mL BBE for 36 h. The protein levels were monitored by Western blot analysis. The signal was normalized using bactin as an internal standard Cytotechnology (2017) 69:875-883 881
